Deformation of the easy-axis ferromagnetic state in asymmetric bilayer systems are investigated numerically. Using the exact diagonalization the easy-axis to easy-plane ferromagnetic transition at total filling factor 3 or 4 is investigated. At still higher filling, novel stripe state in which stripes are aligned in the vertical direction occurs. The Hartree-Fock energies of relevant ordered states are calculated and compared.
Introduction
The quantum Hall systems with internal degree of freedom such as spin or layer index exhibit various fascinating phenomena, symmetry breaking, and topological excitations [1] . In a single-layer system all spins are aligned at integer filling even in the absence of the Zeeman splitting due to the exchange interaction. Similarly, in a double-layer system without spin degree of freedom, pseudospins are aligned when the total filling factor is an integer. Here the pseudospin ↑ and ↓ assign electron in the top layer and bottom layer, respectively. The case of the layer spacing d → 0 is equivalent to a single-layer system with spin. The ground state of the integer filling ferromagnetic state can be written in the form; + e iφ sin(θ/2)c m↓ , φ is the azimuth and θ is the declination in the pseudospin space. Here and in the following we neglect the electrons in lower Landau levels if exist. The expectation value of the total pseudospin is given by
)n where N = N ↑ + N ↓ is the total number of electrons. If the direction n can be arbitrary in the pseudospin space, which is achieved in the limit of d → 0 in the double-layer system and single-layer system without the Zeeman splitting, the ground state is the isotropic ferromagnetic state. On the other hand, at finite layer spacing d in double-layer system, electrostatic charging energy is induced and the pseudospins are confined in the XY-plane in the pseudospin space [2] . This state is called the XY or easy-plane ferromagnetic state. Re-cently, however, the quantum Hall systems with Ising type or easy-axis ferromagnetic anisotropy draw a lot of attentions [3, 4, 5] . The observed hysteretic transport and resistance spikes indicate Ising-like ferromagnetic state [6, 7, 8] . In this paper we investigate the features of the anisotropic ferromagnetic states and their deformations induced by increasing of the layer spacing d.
Ising quantum Hall ferromagnet
The Ising type ferromagnetic states are realized when the two Landau levels of different Landau indices have combined filling factor unity [3] . The anisotropic features are determined by the electron-electron interaction. The total Hamiltonian is given by
where Pij [m; σσ ′ ] projects out components with relative angular momentum m of the electron i and j with pseudospin σ and σ ′ , and the pseudopotential V 
The effect of electrostatic energy
Next let us consider the effect of increasing the layer separation d from zero. It might be considered that V ↑↓ m≥1 decrease as d is increased and the ↑↓ channels become to be energetically favored. In a previous work Jungwirth and MacDonald [10] 
where ∆x is source field along to the x-axis. Then this state might be the XY-ferromagnet like state. These results are quite consistent with previous Hartree-Fock investigation [10] . 
Stripe states
A domain wall states are stabilized in the small d/l regime in higher levels systems. Because the electrons cluster on a stripe region in a rectangular system, we call this state as staggered stripe state. However, some nontrivial aspects are found when the layer spacing still increases to d/l ≥ 0.5, the situation changes qualitatively [11] . The stripe formation occurs not as g (x)
x Two-particle correlation function Fig. 3 . Section of the two-particle guiding center correlation function g ↑↓ (x) (solid line) and g ↑↑ (x) (dotted line) at the boundary of the rectangular system at y = Ly/2. Fig.3 .
Mean-field theory for bilayer systems
The spatially orderd states such as the stripe state are discribed by the density operator defined aŝ
Now we inspect the possibility of the stripe states in asymmetric bilayer systems in the framework of the Hartree-Fock approximation [12, 13, 14] . To find the HF ground state we have to find the solution with minimum energy. In what follows we consider a limited number of physically expected solutions and compare their energies. These solutions are the following: [12] (i) Uniform state: ρ(0) = 0; in this state translational symmetry is not broken. Here we indtoduced the charge density operator and the pseudospin density operator asρ(q) = 
Discussion
We investigated the many-body ground state in the asymmetric bilayer systems as a function of the layer separation and Landau level index. We found not only known phases such as the easy-plane ferromagnetic state and the domain wall state but also the vertical stripe in which the electrons distribute in-phase between the layers. The origin of such a peculiar correlation is the difference of the Landau level indices between the layers [11] . As shown in Fig.6 , the interlayer intaraction for the case N ↑ L = 0, N ↓ L = 2 is attractive around q = 1.5/l in which the stripe state is stabilized. We can expect manifestations of such a novel stripe state and anisotropic transport phenomena in a ultra high mobility sample. 
